Encephalitis is an inflammatory process involving the brain parenchyma associated with neurologic dysfunction. The main causes of infectious encephalitis are viruses, including Herpes simplex virus type 1 (HSV-1). As the mortality rate of HSV-1 encephalitis could be reduced with early acyclovir treatment, it is imperative to distinguish HSV-1 encephalitis from other type of viral encephalitis as early as possible. However, sophisticated methods for definitive diagnosis of HSV-1 encephalitis are not readily available. We aimed to explore distinctive clinical and laboratory features of HSV-1 encephalitis. All of the adult patients with viral encephalitis hospitalized between 2011-2017 were enrolled, including 16 patients with HSV-1 encephalitis and 51 patients non-HSV-1 viral encephalitis. Determination of viruses in cerebrospinal fluid was performed by PCR tests. Female sex, hyponatremia, and abnormalities in MRI were independently associated with HSV-1 encephalitis (p < 0.05 for each). In particular, hyponatremia (< 135 mEq/L) was found in nine patients with HSV-1 encephalitis (56.3%) and 10 patients with non-HSV-1 viral encephalitis (19.6%) (p = 0.005). As serum sodium is determined easily and quickly in clinical practice, the presence of hyponatremia among patients with viral encephalitis could be helpful for the early diagnosis of HSV-1 encephalitis before cerebrospinal fluid PCR results were available. Moreover, the presence of positive finding in MRI could further support the diagnosis. This is the first study that compared the serum sodium levels among patients between HSV-1 and non-HSV-1 viral encephalitis. We thus propose the diagnostic value of hyponatremia for HSV-1 encephalitis.
Introduction
Encephalitis is an inflammatory process involving the brain parenchyma associated with clinical or laboratory evidence of neurologic dysfunction. The infectious causes of encephalitis are predominantly viruses, and a variety of viruses can lead to encephalitis. Herpes simplex virus type 1 (HSV-1) is characterized by a short replication cycle, rapid destruction of the host cell, and the ability to establish latency in human sensory ganglia. While best known as a common cause of mucocutaneous infections, HSV-1 can also cause life-threatening encephalitis (Schiffer and Corey 2015) . HSV-1 causes the most severe form of viral encephalitis (70-80% mortality) if not treated with proper antiviral agents. However, this rate of mortality can be decreased to 20% with the timely use of acyclovir (Lerner et al. 1976; Skoldenberg et al. 1984; Whitley et al. 1986) . It is thus imperative to distinguish HSV-1 encephalitis from the encephalitis of other etiologies as soon as possible.
Diagnosis of HSV-1 encephalitis mainly relies on the detection of the virus in cerebrospinal fluid by polymerase chain reaction (PCR) and the presence of temporal lobe abnormalities which are predominantly unilateral and may have associated mass effect on brain imaging including magnetic resonance imaging (MRI) and computed tomography (CT). PCR detection of HSV-1 DNA in the cerebrospinal fluid (CSF) is highly sensitive (96-98%) and specific (94-100%) and is the gold standard for the diagnosis of HSV-1 encephalitis (Aurelius et al. 1991; Guffond et al. 1994; Lakeman and Whitley 1995; Tebas et al. 1998) , but the PCR test may not be available all over the world. Moreover, the test results could be delayed until 24-48 hours and false negative results could be seen (Weil et al. 2002) . We therefore need to find some quick, easy to perform and widely available laboratory tests or clinical features that suggest the disease, especially in the early stages of the disease. As the biochemical analysis of serum is widely available and easy to perform, it would have been useful to define some bio-chemical parameters that would indicate HSV-1 encephalitis. In this study, by comparing clinical and laboratory features of the patients with HSV-1 encephalitis with those with non-HSV-1 viral encephalitis, we explored distinctive clinical and laboratory features of HSV-1 encephalitis.
Material and Methods

Study population and design
The present study included patients who were hospitalized in our clinic from January 2011 to January 2017 with encephalitis and who met the criteria for definitive encephalitis (Bradshaw and Venkatesan 2016) . To exclude acute disseminated encephalomyelitis (ADEM), autoimmune encephalitis and other neurological entities, all of the patients admitted to the emergency neurology department and were evaluated by a neurologist first. After that, the patients were evaluated by our department and the patients diagnosed with infectious encephalitis were hospitalized in our clinic. After excluding patients with either bacterial or tuberculous encephalitis, only patients with a presumed diagnosis of viral encephalitis were evaluated finally. Diagnosis of viral encephalitis was made by compatible clinical and laboratory findings including CSF and blood analyses. Clinical and laboratory features of the patients were retrieved from the hospital database retrospectively. Cell count, glucose and protein levels, Gram and Ehrlich-Ziehl-Neelsen staining, bacterial culture and PCR for tuberculosis and HSV DNA were determined in all of the CSF samples obtained from patients. CSF HSV-1 DNA alone was determined with a PCR test from 2011 to 2014, and HSV-1 DNA along with varicella-zoster virus (VZV) DNA, cytomegalovirus DNA, Epstein-Barr virus (EBV) DNA, herpesvirus 6 and 7 DNA, enterovirus RNA, parvovirus B19 DNA, adenovirus DNA, and parechovirus RNA were determined with a multiplex PCR test from 2015 to 2017.
Those patients who were found to be positive for HSV-1 DNA in their CSF with compatible clinical findings were categorized as having HSV-1 encephalitis and those who were found to be negative for HSV-1 DNA in their CSF were categorized as having non-HSV-1 viral encephalitis.
Cranial CT or MRI findings were regarded as compatible with HSV-1 encephalitis if abnormalities in the temporal lobe, especially medial temporal lobe structures (the amygdala, hippocampus, and uncus), the inferior-frontal lobe structures (the cingulate gyrus and orbital frontal cortex), and insular cortex, with or without associated mass effect were determined (Gnann and Whitley 2017) .
The study was approved by the Clinical Research Ethics Committee of Istanbul University, Istanbul Faculty of Medicine.
Data collection and outcomes
The following variables were recorded for both patients with and without HSV-1 encephalitis: sex, age, complaints and the duration, presence of upper respiratory tract infection (URTI) symptoms before encephalitis, the season in which the patient was admitted, other comorbidities, physical findings, antiviral treatments, neurological sequelae, in-hospital mortality, total duration of hospital stay, cytological and biochemical CSF findings, CSF HSV-1 DNA, other CSF viral PCR results (if available), serum protein, glucose, creatinine, sodium, potassium, chloride and C-reactive protein (CRP) levels, whole blood count, cranial CT and/or MRI and electroencephalography findings.
Statistical analysis
Statistical 
Results
Epidemiologic, clinical and laboratory features of patients with or without HSV-1 encephalitis
During the study period, a total of 67 patients with diagnosis of viral encephalitis were hospitalized in our clinic. While only HSV-1 DNA was investigated in CSF samples of 56 patients, multiplex PCR tests including HSV-1 and other viruses were performed for 11 patients. Of these 67 patients, 16 were diagnosed as having HSV-1 encephalitis, because of positivity for HSV DNA in their CSF by PCR. There was also one encephalitis patient with each of HSV-2, VZV, and EBV. Patients with or without HSV-1 encephalitis were compared according to their clinical and laboratory findings (Table 1) .
Patients with HSV-1 encephalitis were older and more frequently female compared with patients with non-HSV-1 viral encephalitis (p values of 0.012 and 0.038, respectively). There was no significant difference between the groups according to the seasonal appearance of the cases (p = 0.155). The most frequently reported complaints were fever and headache, while the most frequently determined physical finding were altered sensorium and dysphasia in both groups. Patients with non-HSV-1 viral encephalitis reported more frequently symptoms of upper respiratory tract infection prior to encephalitis (p = 0.028). We also found that the time from the beginning of the symptoms to the hospital admission was 3 days shorter among patients with HSV-1 encephalitis, but the difference was not statistically significant (p = 0.131).
The severity signs of encephalitis including unconsciousness and disorientation were found to be more frequent in non-HSV-1 viral encephalitis compared with HSV-1 encephalitis, and convulsions were seen more frequently among cases with HSV-1 encephalitis compared with non-HSV-1 viral encephalitis; however, none of them reached statistical significance (Table 1) .
Lymphocytic pleocytosis, normal glucose levels, and mildly elevated protein levels were the frequently encountered CSF findings in both groups (Table 1) . By contrast, serum sodium levels were significantly lower among patients with HSV-1 encephalitis than those with non-HSV-1 viral encephalitis (p = 0.004). Indeed, hyponatremia (< 135 mEq/L) was found in 56.3% of 16 patients with HSV-1 encephalitis and 19.6% of 51 patients with non-HSV-1 viral encephalitis (p = 0.005).
Brain imaging results of patients with or without HSV-1 encephalitis
Cranial MRI findings compatible with HSV-1 enceph-alitis, mainly temporal lobe involvement were found more frequently among patients with HSV-1 encephalitis (13/15, 87%) compared with HSV-1 viral encephalitis (13/49, 27%) (p < 0.001). There was temporal lobe involvement in all HSV-1 encephalitis cases, including unilateral in 10 (8 left and 2 right lobes) and bilateral in 3. Limbic and insular involvement was seen in 8/15 (53%) and in 5/49 (10%) patients with HSV-1 and non-HSV-1 viral encephalitis cases, respectively (p = 0.001). Representative images of HSV-1 encephalitis are shown in (Fig. 1) . Since hyponatremia could be the result of limbic and insular involvement, we also compared the serum sodium levels of all patients with and without limbic and insular involvement and serum sodium levels among HSV-1 encephalitis patients. Serum sodium levels of eight patients with limbic and insular involvement (132.30 ± 7.59 mEq/L) were significantly lower than the levels of seven patients without limbic and insular involvement (137.25 ± 3.86 mEq/L) (p = 0.012). A total of three patients underwent only cranial CT; namely, these patients could not undergo MRI due to seizures (one patient in HSV-1 group) or lack of cooperation (two patients in non-HSV-1 group). In the multivariate analysis, female sex, hyponatremia, and cranial MRI findings compatible with HSV-1 encephalitis were found to be independent factors associated with HSV-1 encephalitis (Table 2 ).
Treatment and outcome of patients with or without HSV-1 encephalitis
All of the patients presumed to have viral encephalitis were given 3 × 10 mg/kg/daily (doses adjusted to renal function), IV acyclovir treatment within the first 24 hours after admission to the hospital. Acyclovir treatment was continued at least for 14 days. None of the patients were given corticosteroids or any other specific therapy other than acyclovir for encephalitis. The total duration of hospital stay was 2 and 3 weeks among patients with non-HSV-1 and HSV-1 viral encephalitis (p < 0.001), respectively. Only one patient with non-HSV-1 encephalitis died because of ischemic heart disease.
Neurological sequelae were seen more frequently among patients with HSV-1 encephalitis than non-HSV-1 patients (19% vs. 8%), but the difference did not reach statistical significance (p = 0.345). Neurological sequelaes were seen more frequently among patients with hyponatremia (57 % vs. 32%), but the difference did not reach statistical significance (p = 0.065). Intensive care unit support was needed for 2 and 5 patients with HSV-1 encephalitis and non-HSV-1 viral encephalitis, respectively.
Discussion
HSV-1 was found to be the causative agent in 24% of viral encephalitis patients (16/67 cases) in our study, which is in accordance with the previous reports (Granerod et al. 2010; George et al. 2014; Bookstaver et al. 2017; López-Sánchez et al. 2017 ). We also found that the patients with HSV-1 encephalitis were older than patients with non-HSV1viral encephalitis; while 69% of patients with HSV-1 encephalitis were older than 50 years, this rate was 33% in patients with non-HSV-1 viral encephalitis. This finding is also in accordance with the previous reports (Gnann and Whitley 2017) . Since HSV-1 encephalitis results mainly from the reactivation of the latent HSV-1 infection, it is not surprising that aging plays a facilitating role for this reactivation, as in another type of herpes virus infection, shingles. Although we found that HSV-1 encephalitis was seen more frequently in women, there are conflicting results about this issue in the literature (Riancho et al. 2013; George et al. 2014) . It is known that seroprevalence of HSV-2 or incidence of CNS involvement during the primary HSV-2 infection was higher in women than in men, but this is not the case in HSV-1 infection (Corey et al. 1983; Schiffer and Corey 2015) . The menstruation is a well-known precipitating risk factor for HSV-1 recurrence (Spruance 1984) , which could be the reason for the increased frequency of HSV-1 encephalitis among women. The presenting symptoms of the patients with encephalitis in our study were fever, headache, dysphasia, disorientation, altered mental status, convulsions and cranial nerve involvement similar to those reported in previous studies (Abbas et al. 2003; Mekan et al. 2005; Riera-Mestre et al. 2009; Singh et al. 2016) . There was no difference in symptoms between patients with and without HSV-1 in our study, which is also in agreement with the current knowledge; the clinical presentation is nonspecific and does not reliably distinguish HSV-1 encephalitis from encephalitis caused by other pathogens (Gnann and Whitley 2017) .
We also found that preceding upper respiratory tract infection (URTI) symptoms were less frequent among patients with HSV-1 encephalitis (6% vs. 35 %, p = 0.028). This finding also could be explained by the reactivation in the pathogenesis of HSV-1 encephalitis, in which case URTI symptoms could not be expected. Some of the viral pathogens known to cause encephalitis, enter the host via the respiratory tract (e.g., adenovirus, influenza etc) and URTI symptoms could precede encephalitis in those cases. In a study including 103 encephalitis cases, URTI symptoms were seen in 61%, 20%, and 13% of cases with acute disseminated encephalomyelitis (ADEM), non-HSV-1 viral encephalitis and HSV-1 encephalitis, respectively, and the frequency of symptoms of URTIs in ADEM cases has been explained by the fact that Mycoplasma pneumoniae and respiratory viruses are the main pathogens in the etiology of ADEM (Granerod et al. 2010) . As all of our cases were admitted first to the Emergency Neurology Unit and were consulted with the Neurology Department, we could exclude noninfectious causes of encephalitis. In addition, recovering of all patients without any additional treatment except acyclovir provides a basis for a diagnosis of viral encephalitis in our study. Since the influenza virus could cause encephalitis, it will be prudent to take nasopharyngeal samples for the detection of respiratory viruses in patients with encephalitis and preceding URTI symptoms, especially during the influenza season. This investigation could help to define the causative organism in case of negative CSF viral PCR results.
All of our patients had a noncontrast cranial CT and MRI during their first 24 and 48 hours of admission, respectively. Cranial CT revealed positive findings compatible with encephalitis in 6.7% and 10% of patients with HSV-1 and non-HSV-1 viral encephalitis cases respectively, and the cranial MRI revealed positive findings in 87% and 27% of the patients with HSV-1 and non-HSV-1 viral encephalitis, respectively in our study. A positive MRI result compatible with HSV-1 was found to be an independent factor that indicates HSV-1 as the etiologic agent of encephalitis. It is well known that sensitivity of cranial CT imaging in the diagnosis of encephalitis is quite low both in HSV-1 and non-HSV viral encephalitis (56 and 19% respectively), especially if it is taken in the early stage of the disease (Granerod et al. 2010) , which is the case in our study. As a result, cranial MRI should be the first imaging method for the evaluation of patients with suspected encephalitis. If MRI is not available, negative cranial CT imaging results in the early stage of the disease should be considered cautiously, and the test should be repeated in 10 days (Granerod et al. 2016; Gnann and Whitley 2017) . Positive findings compatible with HSV-1 encephalitis in cranial MRI should strongly indicate HSV-1 encephalitis.
As we found that lymphocytic pleocytosis, mildly elevated protein, and normal glucose levels were widespread in the CSF of patients with both HSV-1 and non-HSV-1 viral encephalitis, these tests could not be used to differentiate these two clinical entities. By contrast, serum sodium levels were significantly different between patients with HSV-1 and non-HSV-1 viral encephalitis, and hyponatremia (serum sodium < 135 mEq/L) was present in 56% and 19% of patients with and without HSV-1 viral encephalitis, respectively (p = 0.005). Although hyponatremia was reported in every kind of infectious encephalitis (Liamis et al. 2011) and to be present in between 33% to 83% among patients with HSV-1 encephalitis (Raschilas et al. 2002; Riancho et al. 2013; Sili et al. 2014; Misra et al. 2017 ), we could not find any study that compared the serum sodium levels of patients with and without HSV-1 encephalitis. Hyponatremia was found to be associated with tick-borne encephalitis in one study (Czupryna et al. 2016 ). Hyponatremia could be either hypovolemic hyponatremia due to fever, poor fluid intake as a result of altered mental status and vomiting, or euvolemic hyponatremia due to syndrome of inappropriate secretion of antidiuretic hormone (SIADH). Anti-edematous treatment (hyperosmolar fluids like mannitol) may also contribute to a decrease in serum sodium concentration (Czupryna et al. 2016) . Limbic area, which is in the close proximity to the hypothalamo-hypophyseal system, could be involved frequently in patients with HSV encephalitis and could lead to SIADH (Rovit and Sigler 1964; Kuriki et al. 2008 ). As our study was retrospective in design, we were unable to evaluate the exact mechanism of hyponatremia among patients with HSV-1 encephalitis. Because limbic and insular involvement were seen more frequently in patients with HSV-1 encephalitis (50% vs. 11%), and mean serum sodium level of patients with limbic and insular involvement was significantly lower than that in patients without limbic and insular involvement (p = 0.024). In a study from Spain, hyponatremia was found to be associated with poor outcome (death or sequelae) among patients with HSV-1 encephalitis (Riancho et al. 2013) . All of our patients except two had mild hyponatremia and were treated easily with only fluid replacement, but two patients who had severe hyponatremia (serum sodium < 125 mEq/L) needed intensive care. Although hyponatremia is seen in various disease conditions with the nutritional-metabolic dysregulation, we found that it is more frequent in HSV-1 encephalitis than non-HSV-1 viral encephalitis, probably because of involvement of wider brain regions. In accordance with these, insular and limbic system involvement was seen more frequently among HSV-1 patients with hyponatremia, although the difference did not reach statistical significance. Taken together, we could not use hyponatremia as a definite diagnostic tool, but as an aid to earlier diagnosis of HSV-1 encephalitis especially in the case of unavailability of HSV PCR test, or if the results of HSV-1 PCR test are delayed.
Although the mortality rate of HSV-1 encephalitis is reported to be 10-25% despite antiviral treatment (Gnann and Whitley 2017) , there was no case of death among patients with HSV-1 encephalitis in our study. This could be due to early (always within 24 hours of admission) administration of acyclovir and supportive care, both of them known to reduce mortality (Hughes and Jackson 2012; Stahl et al. 2012) .
As there were patients with temporal lobe involvement in the non-HSV-1 group and all of the patients were given acyclovir, one of the weaknesses of our study was the probability of inclusion of HSV-1 encephalitis cases in the non-HSV-1 encephalitis group. However, we used CSF HSV-1 DNA; the most validated, sensitive and specific diagnostic test for the diagnosis of patients with HSV-1 encephalitis, the probability of having false negative cases is rather low. Another weakness of our study is retrospective design and because of that, it was impossible for us to evaluate the exact mechanism of hyponatremia. Finally, it was impossible to evaluate all of the patient's CSF for the presence of viruses other than HSV. However, all of our patients were evaluated by Neurology Department first to exclude all the neurological entities, have clinical, radiological and CSF findings compatible with viral encephalitis, and were recovered without corticosteroids or any other specific therapy except acyclovir. Accordingly, the diagnosis as viral encephalitis should be appropriate.
In conclusion, our findings suggest that hyponatremia and compatible MRI findings are the most important predictors of HSV-1 encephalitis among patients with presumed viral encephalitis. As the serum sodium could be determined quickly and easily in routine clinical practice, the presence of hyponatremia among patients with encephalitis could be used as an early supportive adjunct for the diagnosis of HSV-1 encephalitis before CSF HSV-1 DNA results are available especially in resourcelimited countries. Moreover, the presence of positive finding compatible with HSV-1 in MRI could be supportive for the diagnosis. Future prospective studies are needed to evaluate and compare the incidence, exact mechanism and the impact of hyponatremia in patients with viral encephalitis including HSV-1.
